Diamond Sheet:  A new diamond tool material by Mackey, C. R.
DIAMOND SHEET - A NEW DIAMOND TOOL MATERIAL f 
Char le s  R .  Mackey 
Scomac Inc  . P r e s i d e n t  
LeRoy, New York 
DIAMOND SHEET - A NEW DIAMOND TOOL MATERIAL 
DIAMOND SHEET is termed a diamond t o o l  m a t e r i a l  because 
it is n o t  a c u t t i n g  t o o l ,  bu t  r a t h e r  a new m a t e r i a l  from which 
a v a r i e t y  of  d i f f e r e n t  t o o l s  may be f a b r i c a t e d .  I n  appearance  
and p r o p e r t i e s ,  i t  resembles  a s h e e t  o f  copper  a i l o y  with d i a -  
mond a b r a s i v e  d i s p e r s e d  throughout  i t .  I t  is  c a p a b l e  of  be ing  
c u t ,  formed, and jo ined  by conven t iona l  methods, and subsequer t -  
l y  ~ s e d  f o r  c u t t i n g  as a m e t a l  bonded diamond t o o l .  
ABRASIVE 
DIAMOND SHEET is normally made wi th  i n d u s t r i a l  diamond as 
t h e  a b r a s i v e  m a t e r i a l .  I f  m a t e r i a l s  o r  c u t t i n g  c o n d i t i o n s  r e -  
q u i r e ,  o t h e r  types  o f  a b r a s i v e  may be used.  Diamond s i z e s  
range from 100/120 s c r e e n  s i z e  (149 - 125 microns)  f o r  c o a r s e  
c u t t i n g  o p e r a t i o n s ,  t o  s i n g l e  d i d g e t  micron s i z e s  f o r  f i r s  
p o l i s h i n g .  Work is  being done on e x t e n d i n g  t h e  range  o f  c o a r s e  
s i z e s ,  and some 6O/bO s c r e e n  s i z e  (250 - 177 microns)  h a s  been 
made exper imen ta l ly .  Diamond c o n t e n t s  up t o  as n igh  as 100 
c o n c e n t r a t i o n  ( approx ima te ly  25 volume p e r c e n t )  can  be manu- 
f a c t u r e d .  
SIZES 
The c u r r e n t  a v a i l a b l e  s i z e  range o f  DIA,.. il SHEET is  .OO5 
t o  .030 inch  ( . I27  - .762 m m )  f o r  t h i c k n e s s ,  3 i n c h  (76 .2  mm) 
maximum width,  and 10 inch  (254 mm) maximum l e n g t h .  The width 
and l e n g t h  maximums w i l l  p robably  be expanded i n  t h e  f u t u r e .  
hr i d t h s  up t o  4.5 i n c h e s  (114.3 mn) and l e n g t h s  up t o  24 i n c h e s  
(609.6  mr) have been made exper imen ta l ly .  
M A T R I X  
The me ta l  m a t r i x  i n  DIAMOND SHEET is a medium hard  copper  
a l l o y  which has  performed w e l l  i n  most a p p l i c a t i o n s .  This  
a l l o y  h a s  t h e  c a p a b i l i t y  of  be ing  made harder  o r  s o f t e r  i f  
s p e c i f i c  c u t t i n g  c o n d i t i o n s  r e q u i r e  i t .  Other  a l l o y s  have 
a l s o  been used i n c l u d i n g  a p r e c i p i t a t i o n  hardened aluminum 
a l l o y  w i t h  ver; f r e e  c u t t i n g  c h a r a c t e r i s t i c s .  
The s t a n d a r d  copper  a l l o y  . , t r i x  p rov ides  c u t t i n g  c h a r a c t -  
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e r i s t i c s  v e r y  s i m i l a r  t o  t h a t  of a c o n v e n t i o n a l  molded coppe r  
a l l o y  dicmond t o o l .  Because o f  t h e  comple te  d e n s i f i c a t i o n  and  
homogeneous micr -os t ruc ture  i n  DIAMOND SHEE'I', i t ' s  c u t t i n g  l i f e  
i s  normal ly  s i g n i f i c a n t l y  improved. On a d i r e c t  comparison 
b a s i s ,  some t o o l s  made w i t h  D I A M O N D  SHEET have removed a lmos t  
f o u r  t imes  as much m a t e r i a l  as c o n v e n t i o ~ l a l  molded t o o l s  o f  
similar compos i t ion .  
FABHICAT I O N  
The f l e x i b i l i t y  o f  DIAMOND SHEET a l l o w s  i t  t o  be f a b r i c a t e d  
i n t o  a v a r i e t y  o f  p r o d u c t s .  S e c t i o n s  may be e a s i l y  c u t  from 
p i e c e s  u p  t o  .020 i n .  (.508 mrn) t h i c k  w i t h  paper  c u t t i n g  t o o l s  
such  as s c i s s o r s  and pape r  punches.  T h i c k e r  s e c t f o n s  may be 
c u t  and formed w i t h  hand me ta l  working t o o l s .  Die c u t t i n g  may 
be  done on a l l  t h i c k n e s s e s .  Braz ing ,  s o l d e r i n g ,  arid o r g a ~ i c  
a b r a s i v e s  may be used  f o r  j o i n i n g .  
SAWING 
One o f  t h e  most o u t s t a n d i n g  u s e s  f o r  DIAMOND SHEET, and 
t h e  r e a s o n  i t  was o r i s i n a l l y  deve loped ,  is  f o r  t h i n  c u t t i n g  
and s l i c i n g  t o o l s .  Very c l o s e  d imens iona l  c o n t r o l  can  be main- 
t a i n e d  on t h e  t h i c k n e s s ,  and t o o l s  a r e  e a s i l y  c u t  o r  blanked 
t o  shape.  
F a r  wafe r ing  a p p l i c a t i o n s ,  DIM'IOND SHEET is  a p o s s i b l e  
saw m a t e r i a l  f o r  m u l t i p l e  b l a d e  saw c u t t i n g .  Some l i m i t e d  tests 
made u s i n g  s o l i d  s t r i p s  of  s h e e t  showed i t  t o  b e  v e r y  f r e e  c u t -  
t i n g  wi th  a good s u r f a c e  f i n i s h  as compared t o  e l e c t r o p l a t e d  
diamond and l o o s e  a b r a s i v e  t e c h n i q u e s .  T e s t s  have been l i m i t e d  
because t h e  s h e e t  does  n o t  have  s u f f i c i e n t  st ieengtPh t o  w i t h s t a n d  
t h e  normal t e n s i o n i n g  c ; . e r a t i on .  h'ork i s  being done t o  j o i n  
DIAMOKD SHEET t o  a h igh  s t r e n g t h  a l l o y  backing  t o  overcome t h i s  
problem. W i t h  I . D .  and band saw b l a d e s ,  t h e  p o s s i b i l i t y  e x i s t s  
of r e p l a c i n g  t h e  p r e s e n t  e l e c t r o p l a t e d  c o a t i n g  w i t h  DIAMOND 
SHEET segments .  
The p r e c e e d i n g  a p p l i c a t i o n s  could  be accomplished by wrap- 
p i n g  o r  f o l d i n g  DIAMOND SHEET s t r i p s  o v e r  t h e  b l a d e  c u t t i n g  
edge.  k g r e a t e r  advantage  c a n  be o b t a i n e d  by b u t t i n g  o r  i n s e t -  
t i n g  t h e  s h e e t  on t i le  edge.  By t h i s  methoa,  t h e  c u t t i n ?  edge 
r e l i e f  cou ld  be c o n t r o l l e d  and cou ld  be made l e s s  t h a n  he  One 
p a r t i c l e  width r e q u i r e d  f o r  e l e c t r o p l a t e d  o r  l o o s e  a b r a s i v e  
t o o l s .  T h i s  would a l l o w  s m a l l e r  k e r f  l o s s e s  wi th  e x i s t i n g  b l a d e  
backings ,  o r  t h i c k e r  backings  w i t h  l e s s  p o s s i b i l i t y  o f  d i s t o r t i o n  
u s i n g  e x i s t i n g  a b r a s i v e  w i d t h s .  
C i r c u l a r  saw b l a d e s  blanked ~ K I ~ D I A M O N D  SHEET have proven  
t o  be v e r y  e f f e c t i v e  i n  d i c i n g  and s l o t t i n g  o p e r a t i o n s .  An 
economical method of' u s i n g  such  saws i s  t o  have a saw meck :nism 
c a p a b l e  o f  u s i n g  a r ange  o f  b l a d e  d i a m e t e m , a n d  u t i l L z e  a s e t  
o f  i.ncrement f l a n g e s .  A b l a d e  may t h e n  be s e t  u p  wi th  a l z r g e  
f l a n g e ,  used  u n t i l  r i m  exposure is too  small, t h e n  s e t  up w i t h  
t h e  next  s m a l l e r  s e t  of f l a n g e s  f o r  f u r t h e r  u s e .  
SURFACING TOOLS 
S u r f a c i n g  t o o l s  such as l a p s ,  b e v e l e r s ,  hones,  e t c .  can  
be made by c u t t i n g  f u l l  s e c t i o n s ,  segments ,  s t r i p s ,  o r  p e l l e t s  
o f  DIAMOND SHEET and a t t a c h i n g  them t o  a backing. Such t o o l s  
a r e  i d e a l l y  s u i t e d  t o  p r o t o t y p e  and s h o r t  r u r i  p roduc t ion  i t e m s .  
Because of  t h e i r  l o n g  c u t t i n g  l i f e ,  such t o o l s  can  a l s o  be ex- 
pec ted  t o  compete f a v o r a b l y  i n  normal. p roduc t ion  s i t u a t i o n s .  
For  wafer ing  a p p l i c a t i o n s ,  l a p s  v i r t u a l l y  any d iameter  can  
be c o n s t r u c t e d  f o r  dimensioning and removing s u r f a c e  d e f e c t s  i n  
wafers .  The c u t t i n g  c h a r a c t e r i s t i c s  o f  DIAMOND SHEET can pro-  
v i d e  r a p i d  m a t e r i a l  removal and good uniform f i n i s h e s  wh i l e  
e l i m i n a t i n g  c o s t l y  and machine damaging l o o s e  a b r a s i v e s .  
S u r f a c i n g  t o o l s  wi th  s imple  o r  compound c u r v e s  can  be form- 
ed by l i s ing  male/female forms t o  mold and hold  t h e  DIMlOND SXEET 
as it  i s  a t t a c h e d  t o  a backing.  
RING TYFE i" OOLS 
Tools such as c c r e  c r i l l s ,  r i n g  c u t t e r s ,  and blanchard t y p e  
whee!-s can  be made by forming DIAMOND SHEET around a mandrel 
of t h e  p r o p e r  s i z e ,  and a t t a c h i n g  i t  t o  an  a p p r o p r i a t e  backing.  
Core d r i l l s  as small as 3/16. in  have been formed from 
s h e e t  .020 i n .  t h i c k .  Small d i amete r  c o r e  d r i l l s  have been used 
s u c c e s s f u l l y  with on ly  a s i n g l e  l a y e r  o f  s h e e t  and an  open 
b u t t  j o i n t .  La rge r  s i n g l e  l a y e r  d r i l l s  r e q u i r e  a s o l d e r e d  o r  
brazed j o i n t  t o  p reven t  f l a r i n g .  I n  u s e ,  formed c o r e  d r i l l  
s e c t i o n s  a r e  s o l d e r e d  t o  a mandrel  o r  h e l d  d i r e c t l y  i n  a c o l l e t .  
Tools  f o r  s u r f a c i n g  o p e r a t i o n s  such as r l n g  c u t t e r s  and 
blanchard wheels a r e  formed u s i n g  two o r  more l a y e r s  of  D I A M O N D  
SHEET which a r e  sc lde re r?  o r  brazed t o g e t h e r  whi le  be ing  formed. 
The r i n g  t h u s  formed is  mounted i n  a r e u s a b l e  backing  p l a t e .  
Tools  of  t h i s  t y p e  a r e  inexpens ive  and due t o  t h e i r  t h i n  
walls, w e l l  s u i t  ?d t o  high speed ,  high u n i t  p r e s s u r e  o p e r a t i o n s .  
On some veiWy hard . n a t e r i a l s ,  DIAMOND SHEET t o o l s  have been t h e  
only  econimica l  method o f  m a t e r i a l  removal .  
The exEUnples of  t o o l s  which can  be made wi th  DIAMOND SHEET 
r e p r e s e n t  on ly  t h e  most obvious examples of  what can  be done 
with i t .  The l i s t i n g  does n o t  i n c l u d e  i t ems  which a r e  s o  
mundane a s  t o  be overlooked such as f i l e s ,  o r  s imply  used 
l o o s e  as sandpaper  f o r  t h e  hand f i n i s h i n g  o p e r a t i o n s .  On t h e  
o t h e r  extreme a r e  a p p l i c a t i o n s  which a r e  n o t  normal ly  a s s o c i a t e d  
wi th  a b r a s i v e  t o o l s  such a s  b e a r i n g  s u r f a c e s  (diamond t o  diamond) 
and . e a r  r e s i s t a n t  s u r f a c e s .  
